were described as appalling [15] . After the conflict had subsided, a sample of 210 households in Kitgum District showed that only 4.3% had not been displaced, 60% were planning to return to their homes directly, 21.4% through an intermediary location (satellite camps), and 14.3% were not planning to return to their home village [12] . 
CONCLUSION
We show a possible relationship between the annual incidence of Nodding Syndrome and the annual number of conflict incidents and fatalities in preceding years. This supports an association between NS and wartime activities [3, 4, 7] . If the association is true, there is a latent period of approximately 5 years between the peak incidences of conflict/fatalities and NS cases, a disease that affects children tightly clustered around the ages of 5-15 years of age [1] . However, the war was in full flight in Acholi Sub- There are numerous reasons why conflict theoretically could be associated with NS.
Exposure to warfare chemicals is readily posited but dismissed as highly improbable
given the known neurotoxic properties of such substances, none of which causes repetitive head nodding from atonic seizures, let alone a progressive seizure disorder.
Sudanese communities affected heavily by NS also experienced war and displacement but reported no symptoms consistent with neurotoxic exposures when questioned in 2002 [9] . Moreover, Tanzanian children with signs consistent with NS acquired the brain disease in the absence of war or civil conflict [16] . Severe psychological trauma resulting from the sight of injury and death, and the personal fear associated therewith, have also been advanced as casual of "Psychological NS" but populations in other war zones have not succumbed to a comparable illness. Furthermore, there are no reports of NS among the thousands of children who were abducted by the LRA and forced to conduct atrocities. Documentation is available of incidents described as "human rights abuses by the LRA" and "human rights violations by Ugandan Government forces" [2, 6] .
There is also an apparent relationship between the peaks of NS cases in Kitgum District and earlier peak influxes of households into IDP camps. The 1997 peak influx is F o r p e e r r e v i e w o n l y years of age. At the time of the survey, over 66% of children were reported to have been ill sometime in the previous 2 weeks. Crude mortality rates were ~2 deaths per 10,000
per day and double that rate for children under the age of 5 years. Top self-reported causes of death in IDP camps were malaria/fever (34.7%), AIDS (15.1%) and violence (10.5% ). An estimated 1216 persons were killed and an additional 304 (mostly children)
abducted during the first half of 2005. Water was obtained from protected sources but water intake was low and waiting times high. Infant feeding practices were poor and, for children under the age of 5 years, the traditional disease concept of two lango or gimiru, a combination of oral thrush, malnutrition and diarrhea, was the second most commonly reported cause of death [17] . The World Food Programme provided food because ability to grow crops was limited due to security concerns [12] . Food quality was often extremely poor and, under normal conditions, would have been considered inedible. In some cases, security was so weak that food deliveries did not occur, with resulting hunger and malnutrition. Insecurity in IDP camps led to a migration of children (night commuters) to seek shelter in Kitgum hospitals, schools, municipal buildings, verandahs, parking lots and other open spaces [18] . Unfortunately, there are no data on the incidence of NS among night commuters.
The major limitation of this study is the accuracy of reports of the number of fatalities, displaced persons, and NS cases. Cited data are drawn from reports prepared by the Uganda Ministry of Health, international bodies, non-profit and other organizations.
Reason for caution is illustrated by the report of a massacre on January, [7] [8] [9] [10] [11] [12] 1997 when "up to 412 civilians were killed by armed attackers in northwest Kitgum subcounties of Lokung and Palabek and in nearby areas." [6] . This contrasts with the report of 128 fatalities in Kitgum throughout 1997 recorded in the ACLED database [13] .
ACLED fatality data are derived conservatively from a variety of sources, including research publications and reports from humanitarian agencies and local media. If a report mentions hundreds of fatalities, ACLED records the number as 'one hundred', which might explain the discrepancy.
Taken in concert, there appears to be a reasonable correlation between IDP camp intake peaks and delayed NS peaks, which in turn show correspondence with prior conflict incidents and fatalities. Since the disease is clearly associated with prevailing environmental factors, but apparently not with polluted drinking water, suspicion falls 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y heavily on food type, quality or spoilage. This meshes with findings from then-southern Sudan where NS was prevalent in sessile communities dependent on small gardens but absent in cattle herders, the latter having access to meat, blood and milk [9] . When questioned by investigators as to the source of their food, a strong association emerged between NS and use of garden food rather than food purchased from the market or provided by the World Food Program (U.S. Centers for Disease Control, unpublished data). Additionally, a link between food available in IDP camps and NS would explain the apparent absence of this brain disorder in abducted children: while they served as fighters, porters, sex slaves and baby-sitters, they likely had better access to food, including freshly killed human body parts.
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Results. Reports of Nodding
Conclusion.
Peaks of Nodding Syndrome reported by the MOH are associated with, but temporally displaced from, peaks of wartime conflicts, fatalities and household internment, where infectious disease was rampant and food insecurity rife.
Strengths and Limitations of this Study
-While clinical signs (head nodding) of Nodding Syndrome are distinct and readily recognized, the diagnostic criteria used by a MOH between 1998-2011 appear to have overestimated case prevalence two-fold based on the current MOH-CDC case definition.
-This study focused on a localized area with a very high prevalence of children with probable Nodding Syndrome, as reported by the U.S. Centers for Disease Control (CDC) [7] .
-Uncertainty regarding the accuracy of governmental and non-governmental reports of the number of fatalities, displaced persons, and Nodding Syndrome cases. Fatality numbers used by ACLED are known to be conservative. . Reported "exposure to munitions" emerged as a significant association with NS in Uganda [7] ; however, this association was with "gun raids and not chemicals" [1] , and no evidence for exposure to warfare chemicals was found during a 2002 case-control investigation of a NS epidemic in then-southern Sudan [8] . A detailed analysis of possible etiologies associated with NS considered environmental, infectious and nutritional factors [9] .
The Acholi Sub-Region of northern Uganda has been one of the areas most heavily impacted by both conflict and NS. Acholi communities affected by Nodding Syndrome attribute the illness experience to the trauma of past conflict, to poverty, and to regionbound frustration over neglect [10] . In 2011, the Ugandan Ministry of Health (MOH) estimated that up to 3000 children were affected in the three districts of Kitgum, Lamwo and Pader, with a prevalence of 1305 cases/100,000 in Labongo Akwang sub-county in Kitgum District [3] . Diagnostic criteria used at the time for MOH case identification are unknown to the present authors. In March 2013, the MOH with the U.S. Centers for Disease Control and Prevention (CDC) conducted a cluster survey to assess the prevalence of NS in Uganda using a new consensus case definition [11] , which was We examine annual MOH reports of NS cases in relation to regional wartime conflict, casualties and household displacement in Kitgum District (Figure 1 ). We find a delayed temporal association between peaks in conflict events and fatalities. Peaks of reported NS also correlate with peaks of household displacement and prolonged residence in camps for internally displaced people (IDP), where residents were heavily dependent on food aid [13] . The camps were insecure, unsanitary and squalid, and morbidity and mortality rates were high [14] . Starting in the mid-1990s, these camps were established by the government of Uganda with the goal of protecting people from the LRA, including an estimated 285,000 from Kitgum District [15] . reports from which they draw data describe "hundreds of fatalities". Information on the relocation of households to IDP camps was obtained from the United Nations High
METHODS
The total number of NS cases in
Commission for Refugees [17] . Additional data were taken from peer-reviewed and other publicly available documents. were described as appalling [18] . After the conflict had subsided, a sample of 210 households in Kitgum District showed that only 4.3% had not been displaced, 60% were planning to return to their homes directly, 21.4% through an intermediary location (satellite camps), and 14.3% were not planning to return to their home village [15] . 
CONCLUSION
We show a possible relationship between the annual incidence of MOH-diagnosed
Nodding Syndrome and the annual number of conflict incidents and fatalities in preceding years. This supports an association between NS and wartime activities [3, 4, 7] . If the association is true, there is a latent period of approximately 5-6 years between the peak incidences of conflict/fatalities and NS cases, a disease that affects children tightly clustered around the ages of 5-15 years of age [1] . Civil conflict was There are numerous reasons why conflict theoretically could be associated with NS.
Sudanese communities affected heavily by NS also experienced war and displacement but reported no symptoms consistent with neurotoxic exposures when questioned in 2002 [9] . Moreover, Tanzanian children with signs consistent with NS acquired the brain disease in the absence of war or civil conflict [19] . Severe psychological trauma resulting from the sight of injury and death, and the personal fear associated therewith, have also been advanced as causal of "Psychological NS" but populations in other war zones have not succumbed to a comparable illness. Furthermore, there are no known reports of NS among the thousands of children who were abducted by the LRA and forced to conduct atrocities. Documentation is available of incidents described as "human rights abuses by the LRA" and "human rights violations by Ugandan Government forces" [2, 6] .
There is also an apparent relationship between the peaks of NS cases in Kitgum District and earlier peak influxes of households into IDP camps. The 1997 peak influx is Unfortunately, there are no data on the incidence of NS among night commuters.
Reason for caution is illustrated by the report of a massacre on January, 7-12, 1997
when "up to 412 civilians were killed by armed attackers in northwest Kitgum subcounties of Lokung and Palabek and in nearby areas." [6] . This contrasts with the report of 128 fatalities in Kitgum throughout 1997 recorded in the ACLED database [16] .
Taken in concert, there appears to be a reasonable correlation between IDP camp intake peaks and delayed NS peaks, which in turn show correspondence with prior conflict incidents and fatalities. Since the disease is clearly associated with prevailing environmental factors, but apparently not with polluted drinking water, suspicion falls on infectious and/or nutritional factors, including food type, quality, spoilage, or chemical contamination. This meshes with 2002 findings from then-southern Sudan where NS was associated with onchocerciasis and prevalent in sessile communities dependent for food on crops grown in small gardens but absent in cattle herders, the latter having access to meat, blood and milk [9] . When affected South Sudan were questioned by CDC investigators as to the source of their food, an unexplained association emerged 
Conclusion. Peaks of Nodding Syndrome reported by the MOH areis temporally
associated with, but temporally displaced from, peaks of wartime conflicts, fatalities, and particularly with household internment, where infectious disease rates were highwas rampant and food insecurity rife. . Reported "eExposure to munitions" emerged as a significant association with NS in Uganda [7] ; however, this association was with "gun raids and not chemicals" [1] , but and no evidence for exposure to warfare chemicals was found during an earliera 2002 case-control investigation of a NS epidemic in South then-southern Sudan [8] . A detailed analysis of possible etiologies associated with the epidemicNS considered environmental, infectious and nutritional factorshighlighted neurotoxins in plant materials used for food [9] .
Strengths and Limitations of this Study
Kitgum District in theThe Achoili Sub-Region of northern Uganda has been one of the areas most heavily impacted by both conflict and NS. Acholi communities affected by Nodding Syndrome attribute the illness experience to the trauma of past conflict, to poverty, and to region-bound frustration over neglect [10] . In 2011, the Ugandan Ministry of Health (MOH) estimated that up to 3000 children were affected in the three districts of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 There are numerous reasons why conflict theoretically could be associated with NS.
Exposure to warfare chemicals is readily posited but dismissed as highly improbable given the known neurotoxic properties of such substances, none of which causes repetitive head nodding from atonic seizures, let alone a progressive seizure disorder.
Sudanese communities affected heavily by NS also experienced war and displacement but reported no symptoms consistent with neurotoxic exposures when questioned in 2002 [9] . Moreover, Tanzanian children with signs consistent with NS acquired the brain disease in the absence of war or civil conflict [196] . Severe psychological trauma resulting from the sight of injury and death, and the personal fear associated therewith, have also been advanced as casual causal of "Psychological NS" but populations in other war zones have not succumbed to a comparable illness. Furthermore, there are no known reports of NS among the thousands of children who were abducted by the LRA and forced to conduct atrocities. Documentation is available of incidents described as "human rights abuses by the LRA" and "human rights violations by Ugandan Government forces" [2, 6] .
There is also an apparent relationship between the peaks of NS cases in Kitgum District and earlier peak influxes of households into IDP camps. The 1997 peak influx is 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Unfortunately, there are no data on the incidence of NS among night commuters.
when "up to 412 civilians were killed by armed attackers in northwest Kitgum subcounties of Lokung and Palabek and in nearby areas." [6] . This contrasts with the report of 128 fatalities in Kitgum throughout 1997 recorded in the ACLED database [163] . ACLED fatality data are derived conservatively from a variety of sources, including research publications and reports from humanitarian agencies and local media. If a report mentions hundreds of fatalities, ACLED records the number as 'one hundred', which might explain the discrepancy. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
